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INTRODUCTION:  Penetrating  trauma  to  the  thoraco-abdomen  may  cause  diaphragmatic  injury  (DI).  We
present a case  which  highlights  the  difﬁculties  of  recognizing  DI and  the  limited  role  of multimodal
diagnostic  imaging.
PRESENTATION  OF  CASE:  A  19  year  old  male  presented  with  stab  wounds  to his  left  lateral  chest  wall.  CT
was suspicious  for diaphragmatic  injury  but  this  could  not  be  conﬁrmed  despite  ultrasound  and  serial
plain radiographs.  He was  discharged  but re-presented  with  respiratory  compromise  and  diaphragmatic
herniation.
DISCUSSION:  We  review  the  clinical  features  of  diaphragmatic  injury  after  penetrating  thoraco-abdominaliaphragmatic rupture
enetrating trauma
trauma  and  the various  imaging  modalities  available  to clinicians.
CONCLUSION:  A  high  index  of  suspicion  must  be  employed  for DI in  the context  of penetrating  thoraco-
abdominal  trauma.  Inpatient  observation  and  laparoscopy/thoracoscopy  should  be considered  when
radiological  ﬁndings  are  ambiguous.  Front  line physicians  should  also  consider  diaphragmatic  herni-
ation  in stab  victims  who  re-present  with  respiratory,  circulatory,  or gastrointestinal  symptomology.
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. Introduction
Knife crime remains a signiﬁcant problem in the developed
orld. In the UK, ofﬁcial statistics identiﬁed 32,500 offences involv-
ng knives or similar sharp instruments between January and
eptember 2011.1 Hospital Episode Statistics show that 4643 peo-
le were admitted to English hospitals in 2010/11 following assault
ith a bladed weapon.2 The number of assaults is likely to be much
igher as only around 22% of hospital attendances require surgical
dmission.3
With the continued risk of penetrating trauma, front line physi-
ians must be prepared to recognize diaphragmatic injuries (DI)
o ensure prompt surgical intervention. DI is easily missed as it
s uncommonly encountered and may  not cause respiratory or
astrointestinal symptoms in the acute phase. DI has an associ-
ted mortality as high as 23% and failure to intervene can lead
o delayed complications, e.g. bowel obstruction, perforation, and
ntra-thoracic sepsis.4We  report an instructive case of DI secondary to penetrat-
ng trauma. Our experience highlights both the difﬁculties in
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diagnosing DI and the importance of maintaining a high degree of
suspicion in the presence of knife wounds to the thoraco-abdomen.
2. Presentation of case
A 19 year old male attended our Emergency Department with
multiple stab wounds localized to the left lateral chest. On arrival
he was haemodynamically stable. Aside from ﬁve separate stab
wounds, physical examination of the chest and abdomen were
unremarkable. A plain chest radiograph showed blunting of the left
costo-phrenic angle (Fig. 1). Computed tomography (CT) using a
128 slice dual source scanner (Siemens Somatom Deﬁnition Flash)
showed locules of air within the subcutaneous tissues of the left lat-
eral and anterior chest wall, and a 3 cm discontinuity in the anterior
left hemidiaphragm (Fig. 2). However, in the absence of adjacent
soft tissue stranding, it was  unclear whether this represented acute
injury or a congenital defect. The wounds underwent primary clo-
sure and, in view of the suspicious CT scan, he was admitted for
further investigation under the cardiothoracic team. He was dis-
charged after serial chest radiographs and abdominal ultrasound
(Fig. 3) which revealed no evidence of diaphragmatic injury. In
Open access under CC BY-NC-ND license.particular, the ultrasound images conﬁrmed no pleural effusion,
intra-abdominal ﬂuid, or adjacent fat stranding and indicated that
the left hemidiaphragm margins were well demarcated, suggestive
of a congenital or longstanding defect. This was  accepted as not
BY-NC-ND license.
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Fig. 1. Anteroposterior erect chest radiograph on initial presentation showing only
a  small left-sided pleural effusion.
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Fig. 4. A further chest radiograph after discharge showing some pleural shadowing
on the left when compared with the images on ﬁrst admission (e.g. Fig. 1).ig. 2. Sagittal section of a CT chest, abdomen, and pelvis showing a small defect in
he  anterior part of the left hemidiaphragm.
linically signiﬁcant and no further investigations (e.g. magnetic
esonance imaging (MRI), laparoscopy, or thoracoscopy) were con-
idered. However, he re-presented to the Emergency Department
ED) with intermittent abdominal pain and shortness of breath on
xertion one week later. A further chest radiograph at this time sug-
ested left lower lobe consolidation (Fig. 4). In view of the initial
T ﬁndings and mechanism of injury, a thoraco-abdominal CT scan
ig. 3. Ultrasound scan showing no obvious defect in the left hemidiaphragm.Fig. 5. CT with contrast showing a large defect in the left hemidiaphragm with
herniation of omentum and the splenic ﬂexure.
with contrast was performed to exclude diaphragmatic herniation.
This demonstrated herniation of the splenic ﬂexure through a large
diaphragmatic defect (Fig. 5). He underwent a left posterolateral
thoracotomy during which a large defect was observed in the left
hemi-diaphragm with herniation of omentum. The herniated con-
tents were reduced and the defect repaired. He was discharged 10
days later but presented a third time two months later complain-
ing of “clicking” and “bubbling” in his left chest. CT on this occasion
showed a small left sided hydropneumothorax which was  man-
aged conservatively. These symptoms resolved spontaneously and
subsequent follow-up has been uneventful.
3. Discussion
3.1. Classiﬁcation
Causes of DI are blunt, penetrating or iatrogenic. Blunt trauma
requires high energy (e.g. road trafﬁc collision and falling from
height) whereas penetrating injuries are caused by impalement,
gunshots, or stab wounds.5 Blunt trauma results from transmission
of raised intra-abdominal pressure, usually through the left hemi-
diaphragmatic leaﬂet, which is either avulsed from its attachments
or sustains radial tears. Penetrating DI has a more variable pattern
depending on mechanism of injury.5 The incidence of diaphrag-
matic injury following thoraco-abdominal trauma is as high as
5.0%6 and penetrating wounds are twice more likely to precede
DI than blunt injury.7 Penetrating stab wounds are particularly
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angerous as small defects in the diaphragm contribute to missed
iagnosis and increased risk of gastric or intestinal strangulation.
.2. Diagnosis
The diagnosis of DI can be easily overlooked in the presence
f other injuries and in haemodynamically stable patients who are
symptomatic. Temporary closure of diaphragmatic tears can occur
ue to muscular contraction or omental plugging. Nevertheless,
ndetected small tears may  enlarge over time to permit hernia-
ion of abdominal contents and delayed symptoms.8 Unfortunately
here is no predictable clinical presentation and a high degree
f suspicion must therefore accompany all cases of penetrating
horaco-abdominal trauma. Signs and symptoms depend on degree
f lung collapse or mediastinal shift (e.g. dyspnoea, oxygen desat-
ration and cyanosis) and compromise of herniated contents (e.g.
ain, vomiting and sepsis). Such patients must therefore undergo
areful examination of both chest and abdomen: the presence of
educed air entry or bowel sounds on auscultation of the chest
hould also alert clinicians.9,10 Our patient was essentially asymp-
omatic and haemodynamically stable until he suffered respiratory
ompromise 7 days after the injury. This was presumably caused
y herniation of abdominal contents into the chest with associated
ung compression. This case clearly highlights the importance of
arly surgical intervention even in patients with a presumed small
iaphragmatic tear.
No single investigation reliably identiﬁes DI. Chest radiogra-
hy is ﬁrst line in haemodynamically stable patients, although
adiographs are frequently unreliable. The sensitivity of plain chest
adiographs is 94% in the presence of herniation but as low as 30%
or simple tears.11 However, herniation is infrequently encountered
cutely after penetrating trauma as defects caused by knife wounds
re typically small.12 Other ﬁndings (e.g. haemopneumothorax)
an mask DI or distract from thorough image interpretation but
hould raise the suspicion of diaphragmatic injury. Serial radio-
raphs are commonly obtained at six hourly intervals, sometimes
ollowing administration of radio-opaque dye through a nasogas-
ric tube.13 One retrospective study found that 46% of surgically
roven diaphragmatic injuries were identiﬁable on plain chest
adiographs but that this only increased to 57% on serial imaging.14
igns to look for include absence or displacement of fundic gas, ele-
ation of the hemidiaphragm, blunting of the diaphragmatic angle
nd haemopneumothorax.15
CT is the current ED modality of choice for identifying DI. Ret-
ospective surveys of CT ﬁndings have revealed between 42 and
0% sensitivity of this investigation for DI.16,17 In the presence of
mbiguous CT ﬁndings, T1-weighted sagittal and coronal magnetic
esonance imaging is a useful adjunct.18 However, systematic CT
eporting by radiologists looking speciﬁcally for signs associated
ith DI found a sensitivity of 100% and speciﬁcity of 94.6%.16 This
uggests that observer error may  account for missed DI on CT rather
han limitations of the investigation itself. As DI complicates less
han 5% of thoraco-abdominal injuries,6 it is likely to be encoun-
ered infrequently by individual radiologists. This highlights the
mportance of patients with penetrating trauma being treated at a
rauma centre with a minimum through-put of similar cases.
DI can also be identiﬁed using ultrasound. Radiologists using
ltrasound were able to identify a diaphragmatic ﬂap in the pleu-
al cavity or splenic herniation in all cases of known traumatic
I.19 Findings include inability to visualize the diaphragm and
etection of either structural discontinuity or herniated abdominal
iscera.20 There are no studies exploring the role of emergency bed-
ide ultrasound, e.g. Focal Assessment with Sonography for Trauma
FAST) scanning.21 However, case reports have indicated that,
lthough ultrasound cannot satisfactorily delineate diaphragm
natomy, it may  identify motion abnormalities. In particular,PEN  ACCESS
rgery Case Reports 3 (2012) 544– 547
reduced diaphragmatic movement on FAST scanning should raise
suspicion of DI.22
Thoracoscopy and/or laparoscopy provide the most deﬁnitive
morphological assessment of the diaphragm. One prospective
study, in which patients suffering penetrating trauma to the left
lower chest underwent routine laparoscopy, found that 24% had
sustained occult diaphragmatic injuries.23,24 These techniques can
also identify other injuries to viscera which might otherwise not be
apparent on radiological imaging.
No single modality can satisfactorily identify DI, suspicion for
which should remain high in the presence of inconclusive mul-
timodal imaging. Patients in whom DI is suspected should be
admitted under an appropriate general surgical or cardiothoracic
team to either exclude or repair diaphragmatic lacerations. Most
authors have reported using laparoscopy to identify and repair
diaphragmatic tears in the haemodynamically stable patient with-
out haemothorax.
3.3. Management
There is no role for conservative management of DI as herniation
of abdominal viscera into the chest is inevitable due to pressure
differences between intra-abdominal and intra-thoracic cavities.
This can occur shortly or years after injury.25,26 One of the ﬁrst
reports of DI, by the war-time barber surgeon Ambrose Pare in
1578, described a patient who died eight months after having been
stabbed, from bowel strangulation through a hole “no bigger than
the tip of the little ﬁnger”.22 Patients may  suffer circulatory or res-
piratory compromise, bowel obstruction or peritonitis, and should
be resuscitated appropriately.
Deﬁnitive treatment of DI requires surgical repair, the approach
(trans-abdominal or trans-thoracic) being determined by co-
existing injuries. The trans-abdominal approach is otherwise
preferred in the acute setting.8 In patients undergoing laparotomy
for other injuries, the hemidiaphragms should be purposefully visu-
alized to identify small tears that were not identiﬁed on imaging.27
3.4. Prognosis
The associated mortality following DI is 23%, largely due to
associated injuries.4 Herniation of abdominal contents into the
thorax may  cause bowel obstruction or respiratory compromise.
However, the most serious complications arise from perforation
of bowel contents within the thoracic cavity leading to pneumo-
nia, empyema or sub-phrenic abscess.4 Complications have been
recorded as many as 28 years after the initial injury.25 Progno-
sis is signiﬁcantly improved when DI is recognized and treated
before patients have cause to re-present due to the consequences
of missed diagnosis.
4. Conclusion
Diaphragmatic injuries are often difﬁcult to detect despite care-
ful assessment and adequate radiological investigations Emergency
physicians should therefore have a high index of suspicion for
DI particularly in patients presenting with penetrating thoraco-
abdominal trauma. ED physicians should also consider the
diagnosis of a DI in patients with cardio-respiratory or obstructive
gastrointestinal symptoms in the context of a history of penetrating
trauma.28 Surgical intervention is the rule in managing DI.Conﬂict of interest
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